e
O
2

o o
ol !
20 =
> 7
ol <d

Il
Ol 3r
HT
jof ™
o M




TSl o)l S
=~ Korea University College of Medicine

COVID-19 Diagnosis and Management: a Comprehensive Review
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Prevention of
the spread in
the community

Non-medical
countermeasures
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diagnostic tests to identify threat agents
and personal protective equipment (PPE)
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Travel restrictions

BEYOND CONTAINMENT: HEALTH SYSTEMS RESPONSES TO COVID 19 IN THE OECD © OECD 2020



Molecular evolution of RNA viruses
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Genotype

Influenza

Phenotype

No proofreading

Antigenic drift

Antigenic shift

(Noda et al., Nature Communications 2014)

o
Antigenic shift
Antigenic drift

(ONIAID from Proteogenix Scien
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Genetic

Corona recombination

mechanisms

Error-prone RNA polymerase
In RNA viruses
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Mutation of RNA viruses
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o The reported mutation rate for SARS-CoV-2 is typical for coronaviruses.
2 10° /nt? /cyclee? = low for an ss(+)RNA virus
g+ * £, Class => high enough to mutate on average every amino acid in spike at
E o » e sria  |east once in one patient
i ..° . oM % SARS-CoV-2 spike evolution rate : 5x 10 3substitutions/site/year
g N Lt o——SARS-CoV-2 R :DNA & Hi : -
5 - igher than the evolution rate across the entire SARS-CoV-2
= genome (1~1.6 x 1073 substitutions/site/year; around 2
7 substitutions per genome per month) but still within the range of
other betacoronaviruses

3.5 4.0 45 5.0
Genome Size (logqo bases)

mSphere Vol. 6, No. 3, 2021 v 2.8-44 x 107 s/s/y in the IFNV-A

J Transl Med 21, 152 (2023).
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Emergence of SARS-CoV-2 variants

 First identified in December 2019 in Wuhan, and the WHO declared a pandemic in March 2020
* 640M infected and 6.6M death in worldwide (December, 2022, WHO)

- Emergence of Omicron variants with significantly different antigenicity a year ago.

Omicron XBB.1
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Omicrdag BA.1

2020.5. 2020.10. 2021.3. 2021.8. 2022.1. 2022.6. 2022.12.
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Nextstrain Anna Z Mykytyn, the lancet microbe, (2023)
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A Protein structures/models
RED ACE2

< Journal homepage: www.journals.elsevier.com/journal-of-genetics-
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Lan et al., 2020 PDB: 6M0J —* Ref

Original research Omicron Mouse

Evidence for a mouse origin of the SARS-CoV-2 Omicron variant ol vardhis LamTelaI..
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Gradual Evolution of BA.1 originating from West Africa

L3
Science RESEARCH ARTICLES
A k) Clade B Number of BA.S
/ © < M 19A substitutions
‘ g i . 12?)? per site: BA4
I = g & W 20B 3x 10‘4
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o S b = W 20D
. (& W 20E BA.1 clade
22
&

Cite as: C. Fischer et al., Science
10.1126/science.add8737 (2022).

T Gradual emergence followed by

spread
of the SARS-CoV-2 Omicron v
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Mysterious Origin of the Omicron

MOST MUTATED

The Omicron variant of the SARS-CoV-2 coronavirus has more mutations
than any known predecessor. This chart shows mutations in the S1 subunit
of the spike protein, which attaches to host cells.

® Origin ® Alpha ®Beta @ Delta = Omicron (BA.1) ® Omicron (BA.2) e Other

Omicron has three lineages:
two have spread widely.*
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*The third is too rare to show in this chart, which displays a sampling of 3,240
genomes. Lineage names use Pango nomenclature. Data as of 26 January 2022.

MISSING GENOMES

The GISAID database contains sequenced SARS-CoV-2 genomes representing less
than 1% of the reported COVID-19 cases in each of Africa, Asia and South America.

Oceania 3.75 (cases sequenced and shared %)

North America

Europe
Africa
Asia m
South America m

Data as of 27 Januar y 2022.
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The mysterious origins of the
Omicron variant of SARS-CoV-2

Pei Du," George Fu Gao,"-%* and Qihui Wang'-%*

1CAS Key Laboratory of Pathogen Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences (CAS), Beijing 100101, China
2University of Chinese Academy of Sciences, Beijing 100049, China

3Chinese Center for Disease Control and Prevention (China CDC), Beijing 102206, China

Innovation (Camb). 2022 Mar29 ; 3(2):100206

1) Omicron could have circulated and evolved in a
hidden population

2) Omicron may have evolved from a cat-and-mouse
game between the virus and host in some
immunosuppressed patients; for example, AIDS
patients infected with SARS-CoV-2

3) Omicron could have originated from adaptation in
animal reservoirs and been transmitted back to
human, exemplified by the SARS-CoV-2 variants with
mutations from adapting to mink

4) It appears all three theories may contribute to the
generation of Omicron, making the origins of
Omicron a complicated question involving three
different origins




SARS-CoV-2 Omicron variant; Spike mutation summary
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Convergent Evolution in BA.1 and BA.2

Convergent evolution in BA.1 and BA.2 - Cell membrane Genetic combination
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Carabelli, A.M., et a/. SARS-CoV-2 variant biology: immune escape, transmission
and fitness. Nat Rev Microbiol 21, 162-177 (2023).
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The Remarkable Evolutionary Plasticity of Coronaviruses by
Mutation and Recombination: Insights for the COVID-19
Pandemic and the Future Evolutionary Paths of SARS-CoV-2

Grigorios D. Amoutzias 1*(), Marios Nikolaidis *, Eleni Tryfonopoulou 27, Katerina Chlichlia 2,

Panayotis Markoulatos * and Stephen G. Oliver **
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Emergence of
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of Concemn
1
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"“‘;""m;“" 2020 2020 2020 2020
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Variants of Concern /
Varants of High Consequence
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Scenario 1 L L e e A —
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./ /7 . /7 7/ ]
A SARS-CoV-2
Modutar OR Single cross-over
A
Scenario 2a D - Scenario 3b

Sarbecovirus
phylogeny human/animal
SARS.Cov2 N il ——————— W ———————

Cov-2

group Cmw s ,— r_
SARS-CoV-1 animal .

group SARS
Cov-1

Modutar
Other Sarbecoviruses OR Single cross-over

(A) Scenario 1: structural constraints limit any further evolution of the SARS- -~~~ -~~~ -~~~

CoV-2 spike

E - Scenario 4

p-CoVv

(B) Scenario 2a: point mutations, insertions/deletions, and/or intra-SARS-CoV-2 ' wi Qoo 55 T w— ———a—

recombination events lead to the evolution of novel SARS-CoV-2 strains. 4 { 4mm
(C) Scenario 2b: intra-SARS-CoV-2 recombination events lead to the evolution — b

of novel SARS-CoV-2 strains. Y - g
(D) Scenario 3a: intratypic recombinations between SARS-CoV-2 and closely C cemarios

related sarbecoviruses. . —
(E) Scenario 3b: intratypic recombinations between SARS-CoV-2 and other R

related sarbecoviruses.

(F) Scenario 4: intertypic recombination between SARS-CoV-2 and viruses from

other Beta-CoV subgenera.

(G) Scenario 5: non-homologous recombination of SARS-CoV-2 with other
coronaviruses or even other viruses/hosts

De novo gene bieth .




Current Situation of SARS-CoV-2 variants
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SARS-CoV-2 antibody binding properties

c =

X ACE2 . TH
1 Glu:
Tyr e o1 <
G|yaw el L Seraa7
] \ % =
et ASTSOR /
FRRNL N LY

L
Asné4. ,
_ Y /
Ser. ; 27 S
" /-
Ser371 {
. »

o \
Giy33&' 1

EEEEOOC

RBD
.
\
3 \ \ 1 \ Omicron Spike 1273
AR S o | s; sD2
\_\ { e \ JT By | %01 ] P
: B ® ""s’ & Y +—|@* T oa+—|<~ &S
7 1) WY S & A
RIS N R Gl e

‘ g &

ins214EPE
D614G

Receptor Binding and Immune Escape of the Omicron

Front. Immunol. 12:830527, 2021

qFJﬂEHmEﬁﬂgﬁﬂﬂﬂﬁ

Korea University College of Medicine

” - ."
N-terminal domal'

(TD) antibod

$2 Subunit
* antibody

Discovery in the Post-Genomic Age

How to use proteomi discover more and publish faster



EQOREA

: - : A% Ol
Alteration of Omicron RBD with growth advantage over BA.5. ™ ot coteas orecien

BA.2* BA.4/5” Recombinants
0 i = = = = = = 3 = £ - . N «d = e
eyt L |
5 2-}l1& S O-- , oftealabilod -k 1 : 1 : , e
- ©
& '
BE 4 && b b & &S { i &----2668 tiddd F Y L
EG
25 s ®
g Beornnms se s o e o Sl L aonse sl iU  IEEEEE e |l--g&---& SSFC W SR RN I LS T SR e T SR EBEE &-000---- - 153
8 &
8
R346X Tﬁ
K356X T
ceaex [ R
V445X
G446X
N450X
L452X R R RR/RRRRRRRRRRRRRRRRRR
N460X < I < K K K K
FageX [ VVIVIVIVIVIVIVIVIVIVIVV | VVVVVVVV
F490X 5 S S S|s
R493XE Q] QQQQQQQQQQQQaQQQaaaaaeaaeQoaqaqaaloaaaaaaaaaaaaala
S494X
BAARD N D N AANAOCA D DD, AN DO, %0 A ANDD ANDOANQ NQGANNANNNNNNNG O K DA N A0 *AOANPALLO N LD AN ND,D O N QDN ™
,_\0-05052 ;;,‘}.>‘L'¢L5rp%‘Q)Q~;L? g g Pa TN (L’.\,_\b-/_\by'\bv\bé‘bbé;'\b@v '_\'Q;é;\'_\u‘\bb?“o\*‘e\&‘"}',\;\’,\'cP \‘\P"‘,"\'C,Q*é\'@Q*'Q’Q@Q*@Q*' Qv’vp"vvbf\'}ht\%?’é@é@é@é‘ K /‘\v!’&g)kq-’k@b % ',.\'.‘ .'\'.‘ SRS
UGS (XS FFFFFF & Srarerar @ o O ey > R © & Ry Y TR 2o Rl

Growth advantage against BA.5 (%) 1
200 100 0-50

Cao, Y., Jian, F., Wang, J. et al. Imprinted SARS-CoV-2 humoral immunity induces convergent Omicron RBD evolution. Nature (2022). https://doi.org/10.1038/s41586-022-05644-7



Reduced neutralizing effect against omicron sub-variants
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A Mutational Lineage of SARS-CoV-2 Subvariants
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Reduced IC., of therapeutic NAbs against emerging
SARS-CoV-2 BA.2, BA.5 or BA.2.75 convergent subvariants

Pango REGN REGN REGN10333 COVZ2 COVZ COVZ2-  BRI- BRI- BRI- DXP- AY-CoV SASS + Additional RBD
lineages 10933 10087 + 10987 -2196 -2130 2196 + 2130 196 198 106+ 198 S308 604 = 1404 SAS8 SAS5 SAS8 mutations

BAZ | * 500 821 4312 63 B2 85308990 8610 | 852 219
BAZ2320 111 * 201 12 " 23 4,591 * B,B23 061 6,990

K4448 + N450D + L452M +
MNABOK + A484R + B4930

R346T + K356T + L452R +
M4E0K + G4765 + R4930)

D339G + G4465 + F486P +

7,803

Bs.1.1 892 435 177 790 * 1,100 2011 « 4,012

* & & * o * o
XBC * 12 21 R4930
D339H + R346T + L36EI +
XEE . * * * * * * * * 953 VA45P + G446S + N4BOK +
F4865 + F4905 + R4930Q
BA2.75 278 * 410 119 352 121 1,730 6,622 3,861 | B72 5,920 246
RN 1 344 500 ] 166 B6.012 R34B6T + K356T + F490S
BA2752 * ® * * * * * * - A52  * R346T + F4865
BM. 111  * * * * * * * * * 956  * R34BT + F486S + F490S
CuJ. 1 * * * * * * * * * 747 | R346T + F486P + F490S
BR.2 * * * * * * * * - 921 | « R3468T + L452R + F486
CAA * * * w * * * * * 897  + R346T + L452R + F4865
CA.2 * % * * * = * * * 683  + R346T + F486S + S494P
R346T + K444T + L452R
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__BE.7 + 2195 4,388 * * * 4,356 ~  B,307 341 R346T
BA.5.6.2 * * * * * * 4836 w 7,883 K444T
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BQ.1.1 * * * * * * * * * 900 33467 + K444T + NABOK
BA4G3  * - * * * * * * * R346T + K444N + N4B0K

Pseudovirus IC,, (g mi) | <100 [100-1,000| =1,000 | *>10,000| cao, Y, et al. Imprinted SARS-CoV-2 humoral immunity induces
convergent Omicron RBD evolution. Nature 614, 521-529 (2023).




Omicron subvariants induce NAb evasion

three doses of CoronaVac (n = 40)
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Cao, Y., et al. Nature 614, 521-529 (2023).
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a Breadth of T cell epitopes targeted in an ‘:‘T Ce" response to VaCCination iS

Reduced T cell mediated immunity against omicron sub-variants

individual after SARS-CoV-2 infection

focused on the spike protein alone
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® Most high-frequency spike CD4+ epitope responses
are focused on discrete regions of the NTD

® Mutations concentrated in the spike RBD and NTD
found in many VOCs might be driven by antibody

| | evasion
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Vaccine Effectiveness against Major variants

Effectiveness at preventing

oSUENEEEEEEEEEEEEEENy, “IIIIIIIIIIIIIIIIII..’

*
.0

s Ancestral "‘_ Alpha Beta Gamma Delta BA.1/BA.2 : BA.5 .

Severe Severe Severe Severe Severe Severe Severe
Vaccine : disease Infection :disease Infection disease Infection disease Infection disease Infection disease Infection: disease Infection :
AstraZeneca 94% 63% 594% 63% 94% 69% 94% 69% 94% 69% 71% 36% 71% 36%
CanSino 66% 62% 566% 62% 64% 61% 64% 61% 64% 61% 48% 32% 48% 32%
CoronaVac ; 50% 47% ;50% 47% 49% 46% 49% 46% 49% MY 37% 24% E 37% 24% ;
Covaxin 78% 73% 578% 73% [ —/f% e e L e 38% 57% 38%
Johnson & 86% 72% 586% 72% U 64% 76% 33% 57% 33%
Johnson
Moderna 97% 92% 59?% 92% O 91% 97% 48% 73% 48%
Novavax 89% 83% 589% 83% ||| P 82% 86% 43% 65% 43%
F’fizen‘BioNTechE 95% 869% 595% 86% 95% 84% 95% 84% 95% 44% 72% 44%
Sinopharm E 73% 68% 5?3% 68% 71% 67% 1% 67% 71% 67% 53% 35% ; 53% 35% E
Sputnik-V ; 92% 86% 592% 86% 89% 85% 89% 85% 89% 85% 67% 44% E 67% 44% ;
Other vaccines 75% 70% 575% 70% 73% 69% 73% 69% 73% 69% 55% 36% 55% 36%
Other vaccines E'“ 91% 86% 0:591% 86% 88% 85% 88% 85% 88% 85% 67% 45% E-“ 67% 45% ‘:E
(mRNA} ®essnsmnnmmsnnnnnnnns® ®sssnsmsnsssnnnnnnnns®

https://www.healthdata.org/covid/covid-19-vaccine-efficacy-summary
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Pan-coronavirus vaccine pipeline A universal flu shot may be

takes form nearing reality

Dozens of ‘universal’ coronavirus vaccines are in development. But will new technology New strategies aim to attack the influenza virus in creative ways
platforms be able to overcome immunological unknowns?

By Laura Beil
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An urgent Need for Pan-CoV vaccine
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Pan-Coronavirus Vaccines

FEATURES '3

A pancoronavirus vaccine
might contain a nanoparticle
carrier (gray) that holds
several different versions

of the viral spike protein
(other colors).

THE DREAM VACCIN

Why stop at just SARS-CoV-2? Vaccines in development aim
to protect against many coronaviruses at once

Science, Vol 372, Issue 6539 pp. 227-231, 2021

Finding the best shot

Aiming to prevent a future pandemic like COVID-19, scientists are looking
for ways to immunize people against many, if not all, coronaviruses. Several
strategies for these pancoronavirus vaccines focus on spike, the surface
protein common to all members of the viral family.

The crown’s jewel

Spike initiates an infection when part of
its head (S1) binds to a human cellular
receptor and a human enzyme cleaves
spike so its stem (S2) can fuse with the
cell. Spike varies between coronaviruses
and the most conserved regions of its
head or stem may serve as a broadly
protective vaccine.

Variable Conserved

N-terminal — &5
domain =

AR .
f\i‘\"v;} mRNA

Chimeric spike f; ¥
Amessenger RNA (mRNA)
vaccine that combines

spike gene sequences from
SARS-CoV, SARS-CoV-2,
and other coronaviruses
can produce a mix of
protein domains that
may confer broad
immune protection.

Whole virus

Vaccinemakers have long
used inactivated or weakened
viruses. Combining multiple
coronaviruses from one or
more genera could stimulate
broader immune protection.

Family matters
Coronaviruses are grouped into four genera. They infect many species,
although most have been found in bats. Of the seven known to infect people,
four cause mild colds and three can be lethal.

Q Human @ Bat

BETA  MERS-CoV

SARS-CoV-2 ALPHA

SARS-CoV Sarbecoviruses

DELTA
GAMMA

Designed proteins

RBD nanoparticles

Because antibodies to
spike’s receptor-binding
domain (RBD) may be
key to vaccine protection,
scientists are assembling
RBDs from multiple
coronaviruses

onto nanoparticles or
into nanocages.

Serial vaccines

One pancoronavirus
vaccine approach would
deliver a series of different
spike proteins, each in its
natural trimer configuration
on acarrier particle.



Seasonal Influenza Vaccine Mismatch
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effectiveness per season
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HA target UIV strategy (influenza viruses)

Globular
Head

'\

P Fusion
Q Pertide | X stalk

Influenza B (&)

Hyperglycosylated HA

Shielding the immunodominant
head through hyperglycosylation

Headless HA

196

Stalk expressed in monomer,
trimer, or on nanoparticles

Stalk-Directed
Immunity

|

Chimeric HA

10

Sequential immunization with HAs containing

identical stalk regions with ‘exotic’ heads

LAH fragment

“Mosaic” HA

11

Sequential immunization with HAs where the
immunodominant antigenic sites on the head
have been replaced with sites from ‘exotic’ heads

y Expression of the LAH
B region of HA2 alone
HAl HA2
| I 1
N C
sp Stalk Head Stalk Fusion Stalk T™MD CT
peptide

Strategies Targeting Hemagglutinin as a Universal Influenza Vaccine. Vaccines 2021, 9, 257.
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Ways to go for the UIV

JOURNAL ARTICLE EDITOR'S CHOICE

A Universal Influenza Vaccine: The Strategic Plan 1. Improved understanding of influenza transmission, natural
for the National Institute of Allergy and Infectious history, and pathogenesis of IFNV infection

gli??iﬁj@x L ® Anti-HA stem antibodies in prevention of transmission.
Alison Deckhut Augustine, Stacy Ferguson, Catharine | Paules, Barney S Graharn, ® Role of anti-neuraminidase (NA) antibodies

Anthony S Faudt ® Factors associated with the severity

The Journal of Infectious Diseases, Volume 218, Issue 3, 1 August 2018, Pages 347-354,
https://doi.org/10.1093/infdis/jiy103

® Understanding of antigenic drift and immunodominance

2. Precisely characterize IFNV immunity and correlates of

Vaccine Coverage . .

Strain specific Current circulating strains Immune _p rOteCt ion

Subtype specific All strains within a single HA ® RO | € Of Immuno | Og IC Im p Il ntl n g an d th € effeCt Of Seria |
subtype (cg, HI) influenza exposure

| Mulisublype e ® Balance of antibody responses to HA and NA

single group (eg, 5/H9) . . . .

Pan-group Covering all group 1 or 2 influenza A viruses ® F U rt h erun d € rSta n d N g Of Inn ate an d d d d ptlve Immune

responses that are necessary for protection
Universal All influenza A viruses (with or without influenza B viruses)

® \accine prototypes in the human challenge model
Gowrey Gy i ® Beyond HAl-mediating antibodies
® Standardize/Harmonize non—-HAIl-based assays

3 3. Support partitional design of UIV
® T cell response should be included for antigen design
=25 SCICES ® Adjuvants and alternative delivery methods

A universal problem | ® Test promising vaccine platforms/candidates in iterative

SRS R SRR, early Phase for clinical trials

i
£
f



Universal SARS-CoV-2 Vaccine Timelines

* High speed
* LNP
* New delivery methods

Launching

unique platform
for viral vaccines

Coverage limited
to S clade

(Wuhan) *

»  Multi- vaccination
Reduced VE against Delta

Booster covers .
several Omicron
variants

BA.4/BA.5 bivalent
as booster shot

CMI inducible .

vaccine .
Adjustment .

Universal COVID-

19 vaccine

Achieved (green),
in-development/not achieved (red)

) LU =l = U=
=~ Korea University College of Medicine

A universal SARS-CoV-2 vaccine should

be at least 75% sero-protection

be protective against recent variants
as well as zoonotic representative

have durability up to 6 months

provide cell-mediated immunity

be applicable for the next pandemic

T cell activation regime
Cross-reactivity & Viral clearance
Elderly and infants

* Protect current Variants
» CMI/ Broadly reactive nAb
* Durability

~+ True Universality
* Pre-pandemic
(Next pandemic)

Pan-Sarbeco

vaccine
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Four strategies in SARS-CoV-2 universal vaccine design

Spike Full initially designed by the POMA h

Optimization with major mutation sites
Gene construction and cloning into the expression
vector

Mass production of antigens for further study

J
Common RBD designed by the POMA A
Module combination and Selection of tandem
sequences
Gene construction and cloning into the expression
vector

\.* Mass production of antigens for further study %

Nt 3
Gamma DeTLJ Omicron

Broad Neutralizjng Antibodies

= Selection of appropriate platforms
v mRNA
v' Vector

v' Recombinant Proteins with adjuvants

/>)(//) Chimeric RBD

(@)
9a P

[. Apply Prime Boost Strategy }

npj Vaccines (2022) 7:167 ; https://doi.org/10.1038/s41541-022-00597-4




Log+o neutralization titer (NTso) 09

€ S =2 [0 el el [0 el
dei69-70 E404K  D614G = Korea University College of Medicine
lSPI NTD | I RBD ‘ SD1 SD2 } I FP| IHR1 I I HR2 |TM I GPI
1 13 305 319 541 686 788 806 912 984 1163 1213 12371273
del144 NSOTY  PBBTH SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE
D E CORONAVIRUS

YP 009724390.1 [WT(Wuhan-Hu-1)
QHR63260.2 [WT(WIV04)
UED97890.1_|B.1

QIK50427.1_|B.1

QWU72474.1 |Lambda(C.37)
UFJ50478.1 |Lambda(C.37)
UED53016.1 |Delta(B 1.617.2)

Vaccination with S,,,,, an antigen guided by SARS-CoV-
2 S protein evolution, protects against challenge with

QTW58946.1 |Delta(B.1.617.2) . I . t . . &
eSS e SN viral variants in mice
QRF70806.1 |[Eta(B.1.525) o © ” & &
UEC87680.1 |Eta(B.1.525) A B e & & @@6\ o & ° & é\‘é
QQH18533.1 |Alpha(B.1.1.7) ? : v £ ) L2 Q N [¢)

Span UEC87543.1 |Alpha(B.1.1.7) . Swt/Span vVaccination Serum #12 .
 UF089279.1 |Omicron(B.1.1.529) K18-hACE2  Prime Boost collection
1UFS23249.1 |Omicron(B.1.1.529) s 15
o 77 g vl
e pr - — T 1
" | Day0 14 28 #23 - e
‘ o003 Span | #24 - 0.2
) 0.1
#25 - <0.1
A Sw vaccination Sw/Span ~ Serum  Omicron (BA.1) Experiment Heiealzing Rchty pelelive o he S G veRaat
K18-hACE2 Prime Boost1 Boost2 collection  challenge  termination
% P77 ) ' | ® Span was designed by analyzing the homology of 2675
e ° o SARS-CoV-2 S protein sequences from the NCBI database
Day 0 14 28 42 14 .
before the Delta variant emerged.
subastvaccnaion. @ 1HE refined Span protein harbors high-frequency residues at
s rgaresne B4 190 L [smbestwesnn - given positions that reflect cross-clade generality in sequence
: % %’g %Q E evolution.
5 ® @ ® Span vaccination of mice elicited broad immunity to a wide
2 range of variants
2 P TP IPPPPR PP PPN PPPPRIIN 1 1 ARPTPTSS [ ) PSRN .+ o IPPIPPPE P SRR v SO . . . .
™ ® \/accinating mice with a heterologous Span booster conferred
T .~ I . i complete protection against lethal infection with the

Omicron variant.



COVID-19 vaccines in current use are
disease modifying rather than prevention of infection.

Suggested Criteria for pan-COVID19 Universal vaccine

® Be at least 75% sero-protection, not reduced hospitalization

® Should be protective against recent variant as well as

zoonotic representative.

® Have antibody durability up to 6 months.

® Should provide cell-mec

® Be sure to consider app

latec

Icabi

Immunity

ity for the next pandemic
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Information required for the
Risk Assessment of the Variant

> epidemiological situation

> transmissibility including contact tracing data on secondary attack rates, growth rates, Rt and RO

> severity (hospitalization and deaths) .
Dominance

» immune (Vaccine) escape- vaccine induced nAb titer

> Receptor binding affinity POIWGI'

> Fusogenicity o Hospitalization | [l Mortality
Transmissibility

» Thermostability |

Disease
> RNA replication efficacy l Reproductive \ seveny
Infectivity numll)er (Ro)
» mAb failure . ' ‘ '
Neutralization Duration of Social
. . activity Shedding Intervention
Receptor Thermo- Replication

Fusogenicity

affinity stability efficiency




Past Pandemic CANNOT tell about the next one

Credit: US National Museum of Health and
Medicine

1918: “Spanish Flu”

A(HTN1)
50 -100 M deaths

1957: “Asian Flu”
A(H2N2)
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1968: “Hong Kong Flu”
A(H3N2)
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2009 “Pandemlc flu
A(HTN1)
0.1-0.4M deaths

‘What is Next pandem%c”fkéase)

The human cases of swine-origin H3N2 influenza in Indiana and Pennsylvania resulted from existing
influenza vlmses exchangmg genel

| through a pro:ess <alled reassortment”

X ANA segments 0ot shated between virutes B Save - Luratian

~H1N2v?

Isaac B. Welsfuse NYC Department of Health & Mental Hygiene



Still we do NOT know lots of things under the Sea
Lets play together with for step—towards lll__
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